1. Introduction {#sec1}
===============

Of the more than 1 billion overweight adults, at least 300 million are obese (Body Mass Index \[BMI\]  \> 30 kg/m^2^) \[[@B1], [@B2]\]. Obesity increases the risk of chronic diseases, particularly cardiovascular disease \[[@B3]--[@B5]\], type II diabetes mellitus \[[@B6], [@B7]\], and osteoarthritis \[[@B8], [@B9]\] in adults. Quality of life is severely reduced in obese persons \[[@B10], [@B11]\], and it is related to the degree of overweight \[[@B42]\]. Both obesity and living a sedentary life have been associated independently with decreased quality of life \[[@B13]\] and stress regulation \[[@B14]\].

Physical exercise, combined with dietary adjustments, massages, and baths, has been recommended for obesity since Hippocrates (fourth century BC) \[[@B15]\]. Aerobic exercise produces less weight loss compared to caloric restriction programs \[[@B16]\]. Some recent studies, however, give evidence for weight loss, especially abdominal weight loss, as a result of exercise without caloric restriction \[[@B17]--[@B19]\]. Given the benefits for both physical and mental health \[[@B20]\], exercise has been widely recommended to reduce the health risks associated with overweight and obesity, even if the weight loss is minimal \[[@B19], [@B21], [@B22]\]. However, there is a substantial elevated risk of injuries in obese persons, especially sprains and strains \[[@B23]\].

Physical exercise in water is a possibility to try to increase physical and mental health of obese persons without the risk of injuries. Aerobic activities in water have been found to be effective to improve aerobic fitness \[[@B24]\], and the effect on body composition has been demonstrated to be similar to weight-bearing aerobic exercise on land \[[@B25]\]. Aquajogging is a specific form of exercise which consists of simulated running in deep water. In sports, aquajogging is used as low-impact training, for example, in the rehabilitation phase after an injury. Aquajogging has been applied as a joint sparing intervention in rheumatologic diseases such as osteoarthritis, in the pre- and postoperative management of musculoskeletal diseases, and as an endurance and power training in cardiorespiratory disease \[[@B26]--[@B28]\]. According to a search in the international reference system Web of Science, aquajogging as an intervention to improve physical and mental health in obese people has not been evaluated up till now.

The aim of this pilot study was to examine the safety and potential effectiveness of a six-week aquajogging exercise program on body composition, aerobic fitness, and health- related quality of life and exercise beliefs in obese people.

2. Materials and Methods {#sec2}
========================

2.1. Participants {#sec2.1}
-----------------

Participants were recruited with advertisements in a local paper, a poster in the waiting-room of local general practitioners, and an appeal on the website of the Dutch Obesity Association. Inclusion criteria were a BMI of at least 30 kg/m^2^, age between 18 and 65 years, and the intention to miss no more than two out of twelve training sessions. Exclusion criteria were an identified somatic disease and use of medications. The first 15 obese people who applied for the intervention and fulfilled the inclusion and exclusion criteria were invited to participate. The study was approved by the institutional review board of Reinier van Arkel group (mental health care department, \'s-Hertogenbosch) and all participants provided written informed consent.

2.2. Aquajogging Program {#sec2.2}
------------------------

Participants enrolled in a standard aquajogging program consisting of warming up, running in deep water alternated with extra arm and leg exercises, and cooling down, on stimulating music adapted to the phase of the program \[[@B29]\]. Twelve sessions were given, two times per week during six weeks. Four physiotherapy graduate students alternatively carried out the program. Each session lasted for one hour. Every participant could train at his or her own level, although they were stimulated by their trainer to gradually increase their effort throughout the session.

2.3. Anthropometry and Body Composition {#sec2.3}
---------------------------------------

Height was measured using a tape measure fixed to the wall with participants on bare feet. Body weight, fat mass, and fat percentages were measured with the Tanita tbf-300 m \[[@B30], [@B31]\]. The Tanita, a bioimpedance analysis method to measure body composition, has proven to be valid in obese people \[[@B32]\], especially when monitoring modest changes in fat \[[@B33]\]. Waist circumference was measured with a special waist circumference tape measure using the iliac crest as a landmark. Measures were taken in duplicate and averaged.

2.4. Aerobic Fitness {#sec2.4}
--------------------

The Six-Minute Walk Test (6MWT) was performed outdoors in comfortable weather circumstances according to the procedure as described by the American Thoracic Society \[[@B34]\]. Participants were instructed to walk as much distance as possible without running in six minutes; encouragement was given as recommended \[[@B34]\]. The 6MWT is a valid and reproducible tool to measure aerobic fitness in a group of obese people \[[@B35]\]. Heart rate values during rest and immediately after the 6MWT were measured three times and averaged, using the MD300-D finger pulse oximeter (Medisane). After the 6MWT the modified Borg scale was applied to assess exertion. This measure consists of a visual analog scale measurement ranging from 0 (no exertion) to 10 (extreme exertion) \[[@B36]--[@B38]\].

2.5. Health-Related Quality of Life {#sec2.5}
-----------------------------------

Health-related quality of life was measured using the Dutch version of the IWQOL-Lite (short form of Impact of Weight on Quality of Life) questionnaire. The IWQOL-Lite is a 31 item, obesity-specific health-related quality of life questionnaire. It consists of five scales: physical function, self-esteem, sexual life, public distress, and work \[[@B12]\]. The IWQOL-Lite has been shown to have good internal consistency (Cronbach\'s *α* range from .90 to .96) \[[@B39]\], good test-retest reliability (correlations range from .83 to .94) \[[@B12]\], responsiveness to weight loss and weight gain \[[@B40], [@B41]\], sensitivity to treatment seeking status \[[@B42]\] and degree of obesity \[[@B43]\], and a scale structure supported by confirmatory factor analysis \[[@B39]\].

2.6. Exercise Beliefs {#sec2.6}
---------------------

Perceived barriers and benefits of physical exercise were measured with the Physical Exercise Belief Questionnaire (PEBQ) \[[@B45]\]. The PEBQ is partly derived from the Dutch version of the Tampa scale of Kinesiophobia \[[@B46]\] and consists of four scales. Two scales (fear of injury and embarrassment) measure exercise barriers (high scores indicate high perceived barriers), and two scales (confidence and exercise benefits) measure health benefits of exercise and exercise self confidence (high scores indicate high perceived benefits). The psychometric characteristics of the PEBQ have proved to be satisfactory in a sample of 278 obese and severely obese patients \[[@B45]\].

Self-efficacy was assessed with The Dutch version of the 18-item Exercise Self-Efficacy Scale \[[@B47]\].

2.7. Physical Activity {#sec2.7}
----------------------

Recent and current exercise behavior was measured by asking "do you engage in sportive activities?" (response alternatives: yes or no), an open ended question about the nature of these activities, and the time spent on these activities weekly during the past year, using a 5-point scale response format ranging from "less than one hour per week" to "more than four hours per week." Walking and cycling activities during daily life, like shopping, going to work, or going to school, were rated on a five point scale, ranging from less than five minutes per day to more than 45 minutes per day.

2.8. Qualitative Evaluation {#sec2.8}
---------------------------

A brief individual open interview with all participants after three and after six weeks of training evaluated the aquajogging program and its effects on daily activities as well as experienced negative effects during and after training, such as injuries or muscular pain. All interviews were performed at the same time for all participants, after three and six weeks of training.

2.9. Statistical Analysis {#sec2.9}
-------------------------

The mean changes between the baseline assessment scores and the scores after the aquajogging program were compared for BMI, fat percentage, fat mass and waist circumference, the distance covered in the 6MWT, and the heart rate during rest and immediately after the 6MWT, the Borg exertion rating, the scale scores on the IWQOL-Lite, the PEBQ, and the Exercise Self-Efficacy Scale. Considering the small sample size, the nonparametric Wilcoxon-signed ranks test was used to examine the significance of the differences between baseline and at six weeks. All analyses were conducted using the program Statistical Package for the Social Sciences (SPSS Version 14.0; SPSS Inc., Chicago, IL, USA). Results are presented as mean (SD).

3. Results {#sec3}
==========

3.1. Descriptives {#sec3.1}
-----------------

Fifteen otherwise healthy obese persons entered the program. Anthropometric and demographic characteristics at baseline are presented in [Table 1](#tab1){ref-type="table"}. One (male) participant dropped out of the study a week before the end of the program because of a respiratory infection. Thirteen of the participants were women with a mean age of 44 years and a mean BMI of 38 kg/m^2^. One woman used antidepressive medication (Duloxetine), a serotonin and noradrenalin reuptake inhibitor not influencing body weight \[[@B48]\], 60 mg daily. The mean participants\' self-reported daily physical activity, including sportive activities, was less than 30 minutes. No diets with the intention of extra weight loss were used during the program.

3.2. Changes in Body Composition {#sec3.2}
--------------------------------

Weight, BMI, and fat percentage were lower after six weeks compared to baseline, but the differences were not statistically significant ([Table 2](#tab2){ref-type="table"}). Fat mass decreased in 11 and increased in 3 participants. The change of fat mass from 48.5 (10.5) to 47.1 (10.8) kg was significant (*P* \< .05). Waist circumference decreased in 12 and increased in two participants (a statistically significant change, *P* \< .01).

3.3. Changes in Aerobic Fitness {#sec3.3}
-------------------------------

The distance walked in the 6MWT was significantly longer after six weeks of aquajogging; it changed from 574 (42) to 615 (37) meters (*P* \< .01) ([Table 2](#tab2){ref-type="table"}); all participants showed an increase in walking distance. Both heart rate and perceived exertion after the 6MWT did not alter after 6 weeks of aquajogging.

3.4. Changes in Health-Related Quality of Life {#sec3.4}
----------------------------------------------

The scores on all scales of the IWQOL-Lite in the study group reflected a poor quality of life at baseline ([Table 3](#tab3){ref-type="table"}): the scores were on average 10% to 20% lower than the scores in the general population \[[@B10]\]. The scores on three scales of the IWQOL-Lite significantly improved after six weeks of aquajogging: physical function increased from 62.8 (24.2) to 70.2 (21.7), *P* \< .01, self-esteem increased from 60.2 (26.5) to 70.2 (21.7), *P* \< .01, and public distress increased from 78.2 (17.8) to 83.0 (14.3), *P* \< .05.

3.5. Changes in Exercise Beliefs {#sec3.5}
--------------------------------

The PEBQ showed a significant (*P* \< .05) increase in perceived exercise benefits after six weeks of aquajogging ([Table 3](#tab3){ref-type="table"}). Eight out of 14 participants indicated increased perceived exercise benefits, one participant perceived decreased exercise benefits, and five showed no changes. Ten of 14 participants indicated decreased and three increased embarrassment, the mean change being statistically significant (*P* \< .05). Fear of injury, confidence, and exercise self-efficacy did not show any significant change after 6 weeks of aquajogging ([Table 3](#tab3){ref-type="table"}).

3.6. Qualitative Evaluation {#sec3.6}
---------------------------

Thirteen participants were very positive about aquajogging as a way of physical exercise. All participants perceived improved aerobic fitness in daily life and reported improved self confidence. Most participants reported decreased clothing size. Participants experienced decreased appetite, and three spontaneously made an appointment with a dietician to start dietary treatment after the end of the aquajogging program. Injuries or uncomfortable muscular pain were not experienced by any participant during or after the training. All participants valued the fact that they exercised in a group with the same obese condition.

4. Discussion {#sec4}
=============

After a 6-week aquajogging group program without dietary restriction in obese people, improvements in body composition, aerobic fitness, and quality of life were observed.

With respect to weight loss, our study is in agreement with previous findings that weight loss is limited after physical activity as monotherapy \[[@B16]\]. Some studies suggest that physical exercise may result in---at best---modest weight loss independent of the effect of caloric reduction through diet \[[@B17]--[@B19]\]. These studies employed strenuous physical exercise regimes equal to a daily energy expenditure of 500 kcal (women) or 700 kcal (men). Although we did not measure this variable, the reduction in energy expenditure is supposed to be low in our intervention, because the program lasted for one hour regardless of caloric loss and was performed only twice a week. If the training program had covered a longer period of time, with higher frequency and intensity, better results on weight would have been expected. On the other hand, although the relatively low intensity of aquajogging may make it less effective to lose weight, it is considered a suitable intervention for obese people, because they perceive it as a positive exercise experience, which has been reported as being important in previous studies focused on physical exercise with obese patients \[[@B49]\]. Physical activity has been recommended for obese persons because it increases cardiorespiratory fitness independent of caloric loss \[[@B50], [@B51]\]. Obese persons are more likely to have hypertension, dyslipidemia, and the metabolic syndrome \[[@B52], [@B53]\]. Exercise training has been found to decrease heart rate at rest \[[@B54]\], but a substantial effect of aquajogging on resting heart rate was not found in our study, perhaps because the duration, frequency, or intensity of the training was too low \[[@B55]\]. Obesity-related comorbid conditions (especially insulin resistance) have been found to be reduced by increased daily physical activity without caloric restriction \[[@B18]\]. Our study observed a significant reduction of fat mass and waist circumference, a visceral fat measure that is a risk indicator for comorbidity \[[@B56], [@B57]\]. The results of our pilot intervention in obese people suggest that promising health effects can be expected from aquajogging, even when weight loss is minimal.

We used the Six-Minute Walk test as a measure of functional capacity \[[@B34]\]. The mean baseline walking distance observed in our obese participants was slightly lower than that reported in healthy adults \[[@B59]\]. The mean increase in walking distance of 41 meters is in between the effect of corticosteroid inhalation, and exercise and diaphragmatic strength training, in COPD patients \[[@B34]\]. This possibly clinically relevant change in distance should be interpreted with some caution. Perhaps the results are partly due to the learning effect of doing the test for the second time \[[@B35]\]. Our study did not find positive effects of aquajogging on exertion scores after the walking test. However, because baseline exertion and postintervention exertion scores related to a different physical performance after the walking test on the two occasions, our study does not allow a final evaluation of effects of aquajogging on physical exertion. Perhaps increased confidence made the participants to exceed their limits in the walking test after the intervention.

After the aquajogging program, the health-related quality of life scores of our participants showed an improvement in public distress and in the scales that normally deviate most from normal weight people: physical function and self-esteem \[[@B10], [@B42]\]. In addition, exercise embarrassment decreased, and the perception of exercise benefits increased after the aquajogging program, as indicated by the PEBQ findings and the open interviews. Our pilot study shows that quality of life improves and suggests that aquajogging might bring about these effects.

Aquatic exercise has been proved beneficial in other patients with conditions who are at risk when performing strenuous exercise like osteoarthritis \[[@B27], [@B61], [@B62]\], fibromyalgia \[[@B63]\], and sports injuries \[[@B28]\]. The severely obese people also belong to this group for whom aquatic exercise may be the physical exercise intervention of choice, because they are unable to perform large amounts of exercise over the short term \[[@B64]\], and there is a substantial risk of injury \[[@B23]\]. In our study, no participants experienced any injury suggesting that aquajogging might be a safe way of exercising in obesity.

There are limitations to the present study, including the small sample size, the predominance of women, the lack of a randomized, untreated control group, the relatively short duration of the intervention, and the absence of a follow up evaluation to examine persistence of effects. Future evaluations of aquajogging programs should include muscular fitness, because higher resistance against the limbs\' movement created by the water could improve both cardiorespiratory and muscular fitness. This was not tested in our study. Because it was considered of utmost importance that participants learned to like physical exercise, we did not stimulate high-intensity exercise and did not repeatedly assess variables such as heart rate, Borg\'s perceived exertion scale, or training diaries. Our study did also not take into account possible concomitant dietary changes. As in many other studies, our study population consisted of participants who volunteered for the program. This restricts the generalizability of the results to obese people who may be considered motivated to participate in this kind of intervention.

5. Conclusions {#sec5}
==============

Physical exercise in water is a possibility to try to increase physical and mental health of obese persons without the risk of injuries. In a six-week open-trial in obese persons, aquajogging without caloric restrictions was associated with reductions in body fat and waist circumference and with improvement of aerobic fitness and quality of life. These findings suggest the usefulness of conducting a randomized controlled trial with long-term outcome assessments. The indication that aquajogging results in physical and mental health benefits for obese people suggests that it might be a valuable therapy in itself or as an adjunct to a dietary intervention.
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###### 

Anthropometric and demographic characteristics at baseline.

  -------------------------------------------------- --------------
  Age, mean (range) years                            44 (28--60)
  Number of participants, male/female                2/13
  Body weight, mean (SD) kg                          105.6 (13.2)
  Body Mass Index, mean (SD) kg/m^2^                 37.9 (5.0)
  Educational level, *n* (%)                         
   \<9 years of education                            3 (20)
   9--12 years of education, no high school degree   2 (13)
   High school graduates                             5 (33)
   Bachelor or Master degree                         5 (33)
  -------------------------------------------------- --------------

###### 

Effects of aquajogging on body composition and aerobic fitness of 14 participants, means (SD). BMI: Body Mass Index; HR: heart rate; 6MWT: 6 minute walk test.

                              Baseline       Six weeks      *P* values^1^
  --------------------------- -------------- -------------- ---------------
  Body composition                                          
   Weight (kg)                106.1 (13.7)   104.7 (14.1)   .06
   BMI (kg/m²)                38.2 (5.0)     37.7 (5.1)     .06
   Fat percentage (%)         45.5 (5.9)     44.7 (6.1)     .06
   Fat mass (kg)              48.5 (10.5)    47.1 (10.8)    .03
   Waist circumference (cm)   113.5 (10.4)   110.4 (10.4)   .005
                                                            
  Aerobic fitness                                           
   HR rest (bpm)              85 (14)        82 (13)        .60
   HR after 6MWT (bpm)        131 (19)       135 (21)       .18
   Distance 6MWT (m)          574 (42)       615 (37)       .001
   Borg exertion score        5.3 (1.6)      6.2 (1.8)      .11

^1^Wilcoxon signed ranks test.

###### 

Health-related quality of life and exercise beliefs of 14 participants: means (SD).

                           Baseline      Six weeks     *P* values^1^
  ------------------------ ------------- ------------- ---------------
  IWQOL-Lite²                                          
   Physical function       62.8 (24.2)   69.8 (18.5)   .008
   Self-esteem             60.2 (26.5)   70.2 (21.7)   .004
   Sexual life             84.8 (20.8)   88.8 (13.5)   .26
   Public distress         78.2 (17.8)   83.0 (14.3)   .04
   Work                    90.2 (10.0)   91.3 (9.0)    .60
                                                       
  PEBQ^3^                                              
   Fear of injury          9.9 (4.0)     9.6 (3.2)     .75
   Embarrassment           12.6 (4.3)    10.4 (4.5)    .03
   Confidence              8.7 (2.6)     9.1 (3.0)     .48
   Exercise benefits       17.4 (1.8)    18.3 (2.0)    .02
                                                       
  Exercise Self-Efficacy   67.3 (16.6)   70.4 (16.8)   .28

^1^Wilcoxon signed ranks test.

² IWQOL-Lite: Impact of weight on quality of life---short form.

^3^PEBQ: Physical Exercise Belief Questionnaire.
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